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BIOCHEMISTRY 

ABSTRACT 

Chitin is a high-molecular compound found extensively in 

nature. Recently, bacteria which destroy chitin have been 

discovered. Melanoidines result from the interaction of amino'' 

acids and sugar (Maillard reaction). 

The authors try tojsimulate the process of melanoidine <-- __------- 

formation from glucosamine and chitin. The process is found 

to be similar to the melanoidine formation process from sugar 

and amino acid. Using the Debye powder pattern method, the 

authors find melanoidines to be amorphous, whereas chitin and 

glucosamine are crystalline. 

Chitin is a natural, high-molecular compound which belongs to /569* 

the hydrocarbon group. Chitin is found extensively in nature; it is 

included in the composition of shells belonging to different arthropodae 

*Note: Numbers in the margin indicate pagination in the original 
text. 
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( c r a y f i s h ,  c rabs ,  and hexapods). The c e l l u l a r  w a l l s  of fung i ,  c e r t a i n  

types of a lgae  (Ref. l), and b a c t e r i a  are composed of c h i t i n .  Ch i t in  i s  

i n s o l u b l e  i n  water and organic  so lven t s ,  and it i s  immune t o  t h e  a c t i o n  of 

a l k a l i s .  During hydro lys i s  wi th  ac ids ,  c h i t i n  y i e l d s  equiva len t  amounts 

of glucosamine and acetic ac id .  Therefore,  i t  can be  assumed t h a t  

acetoglucosamines unde r l ine  t h e  s t r u c t u r e  of c h i t i n .  The s t r u c t u r e  of 

c h i t i n  can be  schemat ica l ly  shown by t h e  fol lowing formula: 

The ma jo r i ty  of monographs point  t o  t h e  immunity of c h i t i n  t o  d i s i n t e -  

g r a t i o n  by b a c t e r i a  (Ref. 2 ,  Ref. 3 ) .  Chi t in ,  which w a s  obtained from t h e  

f o s s i l  remains of i n s e c t  wings loca ted  i n  l i g n i t e , w a s  found t o  be unchanged. 

This  w a s  s tud ied  by Abderhalden and Heyns (Ref. 4 ) ,  and i s  usua l ly  used as 

an  example f o r  t h e  s t a b i l i t y  of c h i t i n .  According t o  information given by 

A. P. Vinogradov (Ref. 5) ,  chi t in- type  mantles  belong t o  t h e  o l d e s t  ones,  

and t h e  remains of c h i t i n ,  s h e l l s  and ske le tons  have been found, beginning 

wi th  t h e  l a t e  P ro te rozo ic  and Paleozoic .  

I n  s p i t e  of t h e  r e l a t i v e  s t a b i l i t y  of c h i t i n  and i t s  extens ive  

abundance, t h e r e  i s  no information about where i t  might be accumulated i n  

l a r g e  amounts i n  mineral  rocks ,  t h e  e a r t h ,  o r  i n  marine depos i t s .  I n  

r e c e n t  yea r s ,  many b a c t e r i a  have been discovered which des t roy  c h i t i n .  

F.  I. Kopp and Y e .  M. Markianovich (Ref. 6 )  have shown t h e  wide abundance 

of ch i t in -des t roying  b a c t e r i a  i n  marine d e p o s i t s ,  i n  sediment and i n  t h e  

sea water, on t h e  b a s i s  of t h e i r  own d a t a  and on t h e  b a s i s  of d a t a  given 
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in the literature. Prior to this, B. L. Isachenko (Ref. 7) charac- 

terized the biological decay of chitin in the soil, due to the effect 

of the chitinase enzyme of bacteria and different fungi. 

Chitin is decomposed by the chitinase enzyme, with the formation 

of N-acetylglucosamine (Ref. 8). 

(1) - Chitin; (2) - N-acetylglucosamine 

The decomposition product of chitin is glucosamine, which includes 

the glucose and amine group, and it merits a great deal of attention. 

It is well known from the data given in the literature that amino acids/570 

and sugar freely react when heated, with the formation of products which 

have a dark color and which are called melanoidines. This reaction, the 

so-called Maillard reaction (Ref. 9), has been studied for several pro- 

cesses, both natural and technological. V. L. Kretovich and P. P. 

Tokareva (Ref. l o ) ,  who studied the formation of melanoidines in mixtures 
of different sugars and amino acids, assumed that this reaction is related 

to oxidizing-reducing conversions, which take 

pentoses, and is accompanied by the reduction of amino acid in the experi- 

place most readily with 

mental mixture and the accumulation of aldehydes. 

dines produces the coloration and aroma during the preparation of red rye 

malt and in bread baking (Ref. 11). A. M. Kuzin and 0. I. Polyakova 

The presence of melanoi- 
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(Ref. 12 )  assume t h a t  i n  t h e  i n t e r a c t i o n  of sugars  and amino a c i d s ,  t h e  

in t e rmed ia t e  substance is N-glucoside. During t h i s  r e a c t i o n ,  they 

separa ted  out  t h e  calcium s a l t  of N-glucoside. This opinion w a s  con- 

firmed by later s t u d i e s  (Ref. 13,  Ref. 1 4 ) .  The Mai l la rd  r e a c t i o n  w a s  

repea ted  (Ref. 13,  Ref. 15) under moderate condi t ions  (pH 7 and T = 37’), 

which w a s  p a r t i c u l a r l y  important f o r  i t s  s tudy  i n  n a t u r a l  processes .  

There are many s t u d i e s  which are devoted t o  t h e  p a r t i c i p a t i o n  of melanoi- 

d ines  i n  t h e  formation of humic acids (Ref. 16 ,  Ref. 1 7 ) .  

TABLE 1 

CHANGE I N  THE INTENSITY OF COLORING 

( I n  mg J2 per  1 m l  of s o l u t i o n )  

(1)  Experiment Duration i n  Hours; (2) Before Heating; (3) Samples; 

( 4 )  Glucosamine; (5) Glucosamine + Glycocol l  

I n  s p i t e  of t h e  numerous s t u d i e s  on humic a c i d s  (Ref. 18), t h e  o r i g i n  

of t h e  ni t rogen-containing component of humic a c i d s ,  as w e l l  as t h e  n i t rogen  

i n  c o a l  (Ref. 19), has not  been f u l l y  c l a r i f i e d .  The p a r t i c i p a t i o n  of 

c h i t i n  decomposition products  i n  t h e  n a t u r a l  processes  of humate formation 

and t h e  formation of c o a l  has  not  been discussed up t o  t h e  p re sen t  t i m e .  

Th i s  is  probably due t o  set  opinions about t h e  b i o l o g i c a l  s t a b i l i t y  of 

c h i t  i n .  
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We have based our  s tudy  on the chemical s t r u c t u r e  of c h i t i n ,  and 

a l s o  on t h e  p o s s i b i l i t y  of i t s  b i o l o g i c a l  decomposition i n t o  glucosamine. 

We have assumed t h a t ,  under n a t u r a l  cond i t ions  i n  s o i l s  and i n  marine 

sediments,  c h i t i n  decomposes by means of t h e  c h i t i n a s e  enzyme i n t o  

glucosamine, and t h e  l a t te r  is  converted i n t o  melanoidines .  

W e  have p r imar i ly  t r i e d  t o  reproduce t h e  process  by which melanoi- 

d ines  are formed from f r e e  glucosamine and c h i t i n .  Well-purif ied prepara- 

t i o n s  of c h i t i n  w e r e  prepared from fungi  (Boletus e d u l i s  and B. scaber )  

and from s h e l l s  of r i v e r  c r a y f i s h  (Potamobius a s t a c u s ) ,  based on t h e  

method given by N .  I. Proskuryakov (Ref. 20). I n  a d d i t i o n ,  a p repa ra t ion  

of glucosamine w a s  prepared from the s h e l l s  of r iver c r a y f i s h  based on 

t h e  method given by Y e .  F i she r  (Ref. 21).  

TABLE 2 

CHANGE I N  THE CONTENT OF AMINO NITROGEN 

( I n  mg N i n  t h e  r e a c t i o n  mixture)  

(1) Durat ion of Experiment i n  Hours; (2) Beginning of Experiment; 

(3 )  Samples; ( 4 )  Glucosamine; (5) Glucosamine + Glycocol l ;  

( 6 )  Deposit P r e c i p i t a t e d ;  (7)  Deposit P r e c i p i t a t e d  

The fol lowing samples w e r e  used f o r  t h e  experiment: (1) 1 g c h i t i n  /571 

mixed i n  15 m l  d i s t i l l e d  water; (2) 1 g c h i t i n  and 0.25 g g lycoco l l  i n  
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15 m l  d i s t i l l e d  water; (3) 1 g glucosamine d isso lved  i n  1 5  m l  d i s t i l l e d  

water; 

water. 

( 4 )  1 g glucosamine and 0.25 g g lycoco l l  i n  15 m l  d i s t i l l e d  

The pH of t h e  mixture  i n  a l l  samples w a s  e s t ab l i shed  a t  7 - 7.5 .  

A l l  t h e  samples were maintained a t  93 - 95 degrees  and a cons t an t  volume 

w a s  maintained.  

Glucosamine s o l u t i o n s  began t o  t u r n  dark  a f t e r  one hour of hea t ing ,  

and t h e  a d d i t i o n  of g lycoco l l  considerably increased  t h e  i n t e n s i t y  of t h e  

co lo r .  A t  t h e  beginning of t h e  experiment, t h e  s o l u t i o n s  w e r e  c lear ,  

c o l o r l e s s ,  t hen  l i g h t  yellow, b r i c k  red ,  and almost b lack  by t h e  end of 

t h e  experiments.  Af te r  20 - 24 hours of hea t ing ,  a f i n e ,  dark  brown 

depos i t  began t o  s e p a r a t e  ou t ,  t h e  amount of which increased  wi th  f u r t h e r  

hea t ing .  

We made t h e  fol lowing determinationsdiiring t h e  course of t h e  experi-  

(1) establ ishment  of t h e  co lor  i n t e n s i t y  as compared wi th  s tandard  ment: 

i od ine  s o l u t i o n s ;  ( 2 )  determinat ion of amino n i t rogen ,  according t o  t h e  

Van-Slayku method; ( 3 )  determinat ion of f u r f u r a l  by t h e  c o l o r i m e t r i c  

method (Ref. 22)  and oxymethylfurfural  by t h e  weight method wi th  phlorog- 

l u c i n o l  (Ref. 10 ) .  The r e s u l t s  which were obtained are set  f o r t h  i n  

Tables  1 - 3 .  

These d a t a  show t h a t  t h e  process  by which melanoidines are formed 

from glucosamine i s  s i m i l a r  t o  t he  process  by which they  are  formed from 

suga r s  and amino ac ids .  It is  a l s o  accompanied by a darkening of t h e  

s o l u t i o n s ,  a reduct ion  of t h e  amino n i t rogen ,  and accumulation of 

aldehydes.  

In  samples wi th  c h i t i n ,  a f t e r  being hea ted  f o r  15 - 20 hour s , the  
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TABLE 3 

CONTENT OF FURFURAL AND OXYMETHYLFURFURAL 

( I n  mg i n  t h e  r e a c t i o n  mixture)  

tJ)ramo3awH . . .. C ~ ] ~ J I I O K O ~ ~ M H H + ~ J I H -  
(1) Fur fu ra l ;  (2)  Oxymethylfurfural;  (3)  Samples; 

( 4 )  Glucosamine; (5) Glucosamine + Glycocol l ;  (6)  Traces 

s o l u t i o n  took on a l i g h t  yellow color ;  a f t e r  100 hours  - a reddish  brown 

co lo r .  In so lub le  c h i t i n  gradual ly  t u r n s  brown, and amino n i t r o g e n  

appeared i n  t h e  s o l u t i o n .  The a d d i t i o n  of g lycoco l l  acce le ra t ed  t h e  

process .  

The depos i t ,  which w a s  p r e c i p i t a t e d  i n  s a m p l e s  wi th  glucosamine and 

glucosamine + g lycoco l l ,  w a s  separated i n  a c e n t r i f u g e ,  washed wi th  

water, and d r i e d  wi th  a l coho l  and e the r .  The p repa ra t ion  which w a s  

ob ta ined  represented  a powder which had a dark  brown c o l o r .  The prepara- 

t i o n  w a s  i n s o l u b l e  i n  water, i n so lub le  i n  e thyla lcohol  and butyl-  

a l coho l ,  e t h e r ,  acetone,  benzene, e t h y l a c e t a t e ,  chloroform, dioxane,  

and formate.  It w a s  i n s o l u b l e  i n  a lka l i s (when hea ted ,  i t  d i s so lved  /572 

t o  an i n s i g n i f i c a n t  e x t e n t ) .  It w a s  i n s o l u b l e  i n  hydrochlor ic  ac id .  

I n  10% n i t r i c  a c i d ,  i t  w a s  p a r t l y  so lub le  i n  t h e  co ld ,  and when heated 

i t  w a s  f u l l y  d isso lved .  

Table  4 shows t h e  elementary composition of a ne lanoid ine  prepara- 

t i o n ,  which w a s  obtained from glucosamine, as compared wi th  t h e  elementary 

composition of glucosamine and t h e  elementary composition of melanoidines 

from suga r s  and amino ac ids .  
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TABLE 4 

18,96 

' 4:,5 

. 5,04 
3,5 

4 6  
513 

@) CoJlSlHOKHCJlLd# r A K ) K 0 3 -  
l H H H . .  . . . . . . . .  

(3) M e A a H O H n H H b I  H 3  rAlOKO3.  
a M H H a + r J l H K O K O A  . . .  

(ql M e J I a H O H n H H b l  H3 r A i O K 0 3 -  

'S)M. aMHHOKHCAOT *: 
a m H a  . . . . .  ._. . .  
e e a H o H n i i H Y  ~3 caxapon 

7) no Audnepy . . . . . .  
. ~ 9 )  PO Maiiapy . .  - . . . .  
'(I) no 3unepcy w Telc . . .  
r) no P y K A e K C e A b  . . . 

3 3 4 3  

52,80 

52,51 

54 73 
* 60,o 
59,5 
59, l  

5,17 
'5,O 
4 9  
610 

37; 12 

22,40 

35,06 
'31,lS 
34,3 
3i.3 

(1) Preparations; (2 )  Glucosamine Hydrochloride; (3 )  Melanoidines 

from glucosamine + glycocoll; ( 4 )  Melanoidines from glucosamine; 
(5) Melanoidines from sugars and amino acids*; (6) According 

to Enders and Teys; (7)  According to Ambler; 

(8) According to Rukdekel'; (9)  According to Maillard 

* Borrowed from Enders (Ref. 16). 

The properties which have been described and the elementary composi- 

tion of melanoidines, prepared from glucosamine and glucosamine with glyco- 

coll, point to the fact that melanoidines represent a significantly con- 

densed nitrogen-containing compound. 

The condensed nature of melanoidines is confirmed by an X-ray dif- 

fraction study (see Figure 1 which is inset on page 581, and Table 5) .  

The Debye powder patterns show that chitin and glucosamine are crystaline 

compounds, and melanoidines are amorphous compounds. 

Additional research is required on the chemical composition of 

melanoidines from glucosamine and chitin, and also the process by which 

melanoidines are formed under natural conditions must be studied. We 

shall continue our work in this direction. 
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TABLE 5 

INTERPLANAR DISTANCES d AND LINE INTENSITIES I FOR FIGURE 1. 
THE ESTIMATE OF LINE INTENSITY IS VISUAL. 

5,18 I 

4.97 

2960 
2,48 
2,3i 
2,23 
2,13 
I ,99 
1,32 

3 
. 3  
-10 . 

9 
9 
9 
4 

7 
5 
5 ’  
7 
5 

a 

t. 1 
(1) Chitin; (2) Glucosamine 
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